Figure 1. A dragline silk thread being collected from the major ampullate gland of a Golden Orb Weaver spider (Nephila edulis). (Photograph courtesy of Oxford Silk Group.)

Figure 2. Schematic diagram of the experimental setup used to measure the change in birefringence of the silk fiber material when exposed to different chemical vapors. SMF: Single-mode fiber.
We injected light into the dragline silk, which enabled us to perform a complete optical characterization. We discovered that its transmission window extends from visible light up to 1400nm, with propagation losses in the order of a few dB/cm over the whole spectrum, and more crucially, a high birefringence of 10 2 to 10 3 . 4 Silk fibers are held together by reversible hydrogen bonding. These weak bonds can be broken under the influence of polar molecules, thereby causing the molecular chains to disorient and coil-uncoil, and modifying the overall degree of molecular orientation. From an optical perspective, this is translated into a change in the silk fiber's material birefringence, which can be
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Figure 3. Polarization transformations on a Poincaré sphere of the transmitted light in the presence of water molecules (polar) (a) and carbon dioxide (nonpolar) vapors (b). White dot: Initial state of polarization (SOP). Black dot: Final SOP. Blue line: SOP transformation path. S1, S2, S3: The three components of the Stokes vector, which defines the polarization of the light.
detected by monitoring the state of polarization (SOP) of the transmitted light through the silk strand. Hence, silk fibers are excellent for detecting polar-modifying agents such as water molecules, acids, and bases.
The experimental bench we used is illustrated in Figure 2 . We launched a linearly polarized light into the silk fiber, which was kept under controlled temperature, humidity, and pressure conditions inside a gas chamber. We monitored the SOP of the corresponding transmitted light using a polarization analyzer.
When exposed to different polar molecules (water, acid, and ammonia), the SOP of the transmitted light changed instantaneously-as shown in Figure 3 (a)-indicating a change in the fiber's birefringence. However, the presence of pure carbon dioxide gas, a nonpolar molecule, did not affect the silk fiber's birefringence: see Figure 3 (b). 5 In summary, we have successfully demonstrated a proof-ofconcept optical fiber chemical sensing system using native spider silk. Our next step is to develop a compact, low-cost, and selective sensing system, which we will achieve only through a better understanding of how different classes of chemical compounds affect the molecular arrangement, and thus the optical properties of the silk threads. Unlike many novel materials today, silk can be produced at ambient conditions and can be functionalized for custom sensing applications by incorporating specific dyes in the bulk material. With recent advances in the industry-wide production of artificial spider silk, 6 the possibility of having a new generation of cost-effective and biodegradable fibers with unique properties is gradually becoming a reality.
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